To assess genetic variation within a cultivar, four commercial varieties with five individual G. hirsutum genotypes and their bulk were assayed with selected forty 10-mer RAPDs per cultivar via PCR. CIM-473 cultivar showed amplification of 321 bands in total per primer with an average of 8 bands. A range of similarity i.e.; 80% -100% within the cultivar has been observed for minimum and maximum respectively. CIM-448 showed amplification of 300 bands in total per primer with an average of 7.5 bands. Maximum similarity of 95% and minimum similarity of 84% was observed within the cultivar. In CIM-1100 the total numbers of fragments amplified are 304, with the average of 7.6 bands per primer and are 12% -20% polymorphic. Similarly, in NIAB-78 the total numbers of fragments amplified were 310, with the average of 7.7 bands per primer. The reliability of RAPD technique for finding genetic resemblances is indicated by the mentioned results. Numerous groups within 5 individual genotypes bulk among 4 cultivars of G. hirsutum L. have been through cluster analysis which was by the unweighted pair group method of arithmetic means (UPGMA). Dendrograms have been used for showing cultivar relationship.
Introduction
Cotton (G. hirsutum L.) is one of the main cash crops and a major contributor to financial stability and economic viability of Pakistan. A cultivar is a particular variety of a plant species or hybrid i.e. being cultivated and/or is recognized as a cultivar (ICNCP). It is a population of homogenous cultivated plants and has genetic traits in common. Identity and reproducibility are inherent features of cultivars.
Origin of domesticated cotton possesses a number of extremely interesting ecological and genetical problems. Nature of genetic material could be responsible for different reports on the degree of perceived variations in cotton [1] [2] . Linos et al. [3] reported that variations in the DNA sequences are identified by molecular markers which cannot detect the changes in the products of transcribed genes like biochemical and morphological markers. Moreover, several cultivars in a species showed a range of agroclimatic conditions required for the production and growth of cotton. The study provides useful information for the selection of parents in the development of cotton cultivars and hybrids as well.
Morphological features commonly used for identification vary with the species, but may include height, seed colour, flower colour, size and nature of specific floral structures and many others. These characteristics should be genetically stable within the cultivars so they will reappear when the cultivars is grown again [3] [4] . Performance differences among cultivars are usually more difficult to identify than morphological features because they are more likely to be affected by the environment or more complex inheritance. The inherent characteristics influencing performance of the improved cultivars need to be genetically stable and reproducible.
Overall yield potential is the most important characteristics by which cultivar performance is measured. Yield potential is evaluated by growing the cultivars in the field and measuring its production in comparison with yield of standard cultivars under similar environmental conditions [5] . Establishing genetic similarities and studying extent of diversity among various cultivars has become possible by keeping an in-depth characterization of cultivars.
Phenotype is an interaction between genotype and environment. These both factors might be a major source of variability. This result has great differences in variability between strains from different varieties; strains from the same variety should be quite similar, because plants that make up a variety would have nearly similar combinations of genes which act harmoniously with each other and the environment to produce a good phenotype. Genotypes from different varieties would have harmonious but different, combinations of genes; the strains from the same variety would not be expected to differ very much and they would have little more variability than strains derived from doubled haploids. Most variations might be from response of variable weather and independent of the plants inherited properties.
Variations between plants in a row (heterogeneity) might be enormous because ancestral plants with a wide range of properties contributed to the strain, and genetic segregation would produces with different assortments of properties. By using double haploid strains all gametes produced by anyone haploid plant or strain should be genetically identical. Heterozygosity or homozygosity might have important effects on variability. Lerner [6] concluded that a pair of dissimilar genes would be better able to buffer environmental fluctuations during development than would a pair of identical genes, thus producing less variability for heterozygotes. According to Gustafssen [7] a pair of dissimilar genes could respond to all environments, thus producing more variability for heterozygotes. By comparing these two theories, different populations each composed of genetically identical plants, homozygous populations from self doubled haploids, and heterozygous F1 populations from crossing two double haploids were produced.
In Pakistan, the cotton crop faces the dual hazard of biotic and abiotic stresses, which result in lower yields. The principal constituent of plant breeding is to have knowledge regarding genetic relationship and germplasm diversity. Recently, in cereals the importance of wide genetic base for resistance regarding diseases has been promoted [8] . Moreover, in order to upgrade the productivity of crop, future breeding program is dependent on the presence of genetic variability. There is a need to analyze the genetic variability in the presently utilized gene pool of cotton for widening the genetic base required for a prolonged successful cultivar development program. Therefore, development of cultivars with broad genetic base is required for attaining the level of independency and permanency. DNA markers that have been originated from particular parental plant can be identified by fingerprinting the DNA of parents and their progeny. The offspring with desirable parental traits can be identified by plant breeders with the help of these markers for using them in breeding program. For selecting the young seedlings in which the trait is not expressing itself or the plants which are growing in such an environ-ment where their genetic factors are not expressing like greenhouses, this practice can work there for the breeders. Such type of benefits shrinks the time required to establish new cotton cultivars. Also in the area of gene cloning, the existence of DNA marker in the vicinity of desired gene has become a valued initial step [9] [10] especially in situationsviz; complex agricultural trait being affected by that particular gene and the protein product is unavailable [11] . Due to the growing of limited number of cultivars, the broad genetic diversity existing in the germplasm is not becoming expressed in the field. If the situation continues with growing of a specific cultivar on huge area of land the genotype will be more vulnerable to the diseases. It has been reported by Bowman et al. [12] that the genetic diversity in the field cannot be guaranteed by the diversity existing in the cultivar. In cotton [1] and rye [13] , the polymorphism regarding amplification patterns of individual plants has been shown earlier.
Materials and Methods

Plant Material
First, confirm that you have the correct template for your paper size. This template has been tailored for output on the custom paper size (21 cm × 28.5 cm).
Four elite cultivars of different morphology were selected to study the genetic variation within each cultivar. All the plant materials were collected from Central Cotton Research Institute, Multan. Main features of the selected plant materials are presented in Table 1 .
DNA Extraction and Polymerase Chain Reaction (PCR)
The extraction of DNA from the cotton sample is a crucial step for PCR based DNA markers. 5 -6 healthy leaves from different plants per cultivar were collected for DNA extraction as described by [14] . The DNA was further purified by repeated extraction. DNA concentration was run on 1% agarose gel electrophoresis. The purity and concentration of DNA was measured with spectrophotometer (GENESYS 2). The concentration of the DNA sample was calculated as (µg/ml) = O.D 260 × 2.5 [15] .
The PCR-RAPD reaction was optimized for the amplification reaction [16] . The amplification programme consisted of initial denaturation for 2 min, followed by 35 cycles with a denaturation step at 94˚C for 1 minute, with an annealing step of 37˚C for 1 minute and an extension step at 72˚C for 2 minutes. Bands were viewed using a UV trans-illuminator [17] . The data was analyzed and resulting matrix was used to calculate the Jaccard's Similarity Coefficient [18] . Un-weighted pair-group arithmetic mean average (UPGMA) analysis was employed for the construction of dendrogram. The statistical analysis was carried out with MVSP, computer package (Version 2.1).
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Stability in cotton production is necessary for the stability of Pakistan which has cotton based economy. On 
CIM-473
The amplification profiles of five single plants and one parent/bulk of CIM-473 shows polymorphism with 40 primers and can be used for study of intra-varietal variations. The maximum similarity (100%) and minimum similarity (80%) was observed within the cultivar. There has been obtained 321 bands in total from single primer with an average of 8.0 bands (Figure 1 and Figure 2) . A range of 8 -10 amplified fragments was observed from single RAPD primer. Maximum similarity 100% was observed between plant 1 and plant 3; plant 4 and bulk of CIM-473 and lowest similarity 80% was observed between plant 2 and plant 5 ( Table 2) . Five single plants and the bulk of CIM-473 cultivar clustered into three distinct groups (Figure 3) . 
CIM-448
Five single plants and bulk/parent plant of CIM-448 were amplified by using 10-mer primers. The maximum similarity (95%) and minimum similarity (84%) was observed within the cultivar. There has been observed amplification of 300 bands in total per primer with an average of 7.5 bands. The coefficients of similarity were ranging from 0.84 to 0.95 (Table 3) . A maximum similarity of 95% has been observed between plant 2 and bulk of CIM-448, plant 4 and bulk of CIM-448; and lowest similarity 84% was observed between plant 1 and plant 2. Five single plants and the bulk of CIM-448 cultivar clustered into two distinct groups (Figure 6 ).
CIM-1100
The DNA of five single plants and the bulk of CIM-1100 were examined to generate RAPD-PCR bands by using 40, 10-mer primers in order to identify variation within the plants and cultivar CIM-1100. Majority of the primers showed amplification in a range of 7 -10 fragments. Typical RAPD amplification profiles are illustrated in Figure 7 & Figure 8 . The banding pattern produced with two primers (OPA-05, OPI-15) showed monomorphic (Figure 7) . The total number of fragments amplified are 304, with the average of 7.6 bands per primer and are 12% -20% polymor-phic. The coefficients of similarity were ranging from 0.80 to 0.92 (Table 4) . A maximum similarity of 92% has been observed between plant 1 and parent/bulk plant of CIM-1100; plant 4 and parent/bulk plant of CIM-1100 and lowest similarity 80% was observed between plant 1 and plant 5; plant 4 and plant 5 respectively which is 12% less than the bulk of the cultivar CIM-1100. Five single plants and the bulk of CIM-1100 cultivar clustered into two distinct groups in which plant 1 and bulk of CIM-1100 separated in group 1 with 92% similarity, while the other plants, plant 2, plant 3, plant 4 and plant 5 stands separately in the dendrogram with an intermediate (81% -84%) similarity. The position of plant 1 in the dendrogram is closer to the bulk of the cultivar CIM-1100 (Figure 9) . The reliability of RAPD technique for finding genetic resemblances is indicated very well by the mentioned results.
NIAB-78
Five single plants and the bulk of NIAB-78 were examined to generate RAPD-PCR bands by using 40, 10-mer primers. The total number of fragments amplified was 310, with the average of 7.7 bands per primer. The similarity coefficients ranged from 92% to 100% ( Table 5 ). The genetic similarity of five single plants and bulk of NIAB-78 was very high ranging from 0.92 to 1.0 depicting narrow diversity. Maximum similarity 100% was observed between plant 1 and plant 4; plant 2 and plant 3; plant 2 and bulk of NIAB-78; plant 3 and bulk of Figure 10 & Figure 11 . The banding pattern produced (Figure 12 ). For the estimation of genetic resemblances, the mentioned results are good indicators of the reliability of RAPD technique.
Discussion
The cotton cultivars lose their identical characteristic with the passage of time; this may be due to adulteration of other genotypes from the same species in the cultivar. These studies will help to determine the rate of cultivar deterioration. For the determination of genetic diversity among cultivars of several plant species, broad use of RAPD marker technique has been conducted [19] [20] . In the present study, RAPDs were utilized for the identification of intra-specific polymorphism within the cultivars (CIM-473, CIM-448, CIM-1100, NIAB-78) of G. hirsutum. For the exclusive identification of all cultivars studied, 40 primers per cultivar for the amplification of genomic DNA extracted from five single plants and the bulk of each cultivar, has been utilized. It has become well recognized that the knowledge of genetic associations among accessions within and between species is mandatory for the improvement of plants [21] . Absence of genetic diversity is mainly occurring due to practice involving repeated use of same parents in the breeding program [22] . It has been declared from many of the studies that poor genetic diversity is prevailing in the germplasm of cultivated American cotton [1] [2] . Genetic similarity can arise from common parentage (pedigree) or from geographical relatedness. Cultivars from similar geographical areas need not always express genetic similarity because germplasm exchange is continuously taking place. For the determination of homology, the analysis of DNA sequence (RAPD) has become the renowned sensitive method [23] . The commercial cultivars have different age in the field. The long life of any commercial cultivar depends upon the minimum or no variation within the cultivar. This will effect on maximum stability and have a minimum rate of deterioration of the cultivar. The cultivar which deteriorates early indicates that the cultivar had more variation in it and this variation was the main reason of its disappearance from the field. For the determination of genetic relationship in cotton, RAPD markers have been used [1] [6] [24] [25] . The low values of genetic distance observed in the cultivars of G. hirsutum may reflect narrow intra-specific variation. However, in the present study, the range of similarity among the five single plants and bulk of the commercial cultivar NIAB-78 is 92% -100%. Plant 2 and plant 3 showed 100% similarity to the bulk of NIAB-78 ( Table 5 ). The 100% similarity of some plants with the bulk of this commercial cultivar indicates that NIAB-78 cultivar is a homogenous plant material. NIAB-78 was released in (1983) and it still covers a large area of Sindh province. It proves that NIAB-78 was the most stable commercial cultivar because it had minimum variation within it. The minimum variation within the NIAB-78 was the main factor that this cultivar exists in the field since last 25 years. Hence, it is quite possible that there is some genetic variation within the cultivar. For determining the genetic diversity within the cultivar NIAB-78, generated RAPD markers were utilized that are presented in Table  5 . Reproducibility of RAPDs amplification showed that some markers show more consistent banding patterns within the cultivar. Only 8% polymorphism was observed in NIAB-78, showing greater genetic uniformity of the cultivar. It has also been reported that genetic uniformity of American cotton was lesser 25 years ago than it is today [26] . Tokatlidis et al. [27] studied and reported the variations within the cotton cultivars for different traits i.e. seed cotton yield, fibre characteristics etc. Similarly genetic variations were observed within cultivars in the present study which are ultimately responsible for the morphological variations. For determining the genetic diversity among 5 individual plants and bulk of commercial cultivar CIM-1100, generated RAPD markers were utilized that is presented in Table 4 . Polymorphic profiles were observed within the cultivar (Figure 7 &  Figure 8 ). The range of similarity among the five single plants and bulk of the commercial cultivar CIM-1100 is 80% -92%. The cultivar CIM-1100 indicates the maximum similarity (92%) of some plants with the bulk of this commercial cultivar. It was released in (1996) and is now disappeared from the cotton growing regions. One of the reasons for the removal of this cultivar from the field is high level of variations present in the CIM-1100. The estimate of CIM-448 based on the molecular data did not significantly changed from the CIM-1100. Coefficient of similarity was ranging from 0.84 to 0.95 (Table 3) . A maximum similarity of 95% for some plants with the bulk of this commercial cultivar indicates that CIM-448 is also homogenous plant material and the stable commercial cultivar. It was released in (2000) and is now grown in only few cotton growing areas. Williams and Clair [15] also reported that RAPD markers can be of great value in the measurement of intra-specific variation as revealed in Lycopersicon esculentum. In the present study, the commercial cultivar CIM-473 showed similarity coefficients ranged from 0.80 to 1.0 ( Table 2 ). The 100% similarity of some plants with the bulk of this commercial cultivar indicates that CIM-473 cultivar have maximum homozygosity in it. It was released in (2002) and it covers a large area of Punjab province. The core area of cotton growing is Multan, Bahawalpur and D.G. Khan in Punjab. It proves that CIM-473 was the most stable commercial cultivar because it had minimum variation within it. The minimum variation within the CIM-473 was the main reason that this cultivar was present in the fields of Punjab for several years. Similarly, RAPD markers can be of great value in the measurement of intra-specific variation as revealed in Brassica juncea [28] . The present study has also demonstrated that the RAPD technique can be applied to discriminate variations within cotton cultivars. However different cultivars derived from different parents (CIM-473, CIM-448, CIM-1100, NIAB-78) showed different RAPD patterns. These facts indicate that genetic variation within the cultivated cotton is present, and it will be necessary to make them homogenous to avoid their deterioration. Intra-varietal studies of CIM-473, CIM-448, CIM-1100, NIAB-78 indicates the effectiveness of RAPD technique for the estimation of the genetic similarities among the plants of cotton cultivars. Similar findings were observed by Tafvizi et al. [29] when they studied three cotton cultivars for intra cultivar variations. RAPDs were utilized for the determination of genetic diversity and their results are sporting the findings of the present study.
